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Abstract of US6055255 



A semiconductor laser device includes: a 
semiconductor substrate of a first conductivity 
type; a layered structure including at least a 
first cladding layer of the first conductivity type, 
an active layer, and a second cladding layer of 
a second conductivity type. The layered 
structure is provided on the semiconductor 
substrate. The semiconductor laser device 
also includes: a current blocking structure, 
having a striped concave portion therein, 
formed on the layered structure; and a third 
cladding layer of the second conductivity type 
provided so as to cover the striped concave 
portion and the current blocking structure. The 




current blocking structure includes at least a 
saturable absorbing layer having a forbidden 
band width which is substantially equal to a 
forbidden band width of the active layer. 
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i is i ] mi ommmcomwfr&m t . 
tt*aw*aso±ccjBaE3 *v m i (D^m^om i ^ ^ 

* KJB<b»1M£*2<D«*SS<DSI2 ^ ? KJ1±£4> 

tf**f*U— tf*T-C*^"C, 10 
C«{WI»iB*W-r-5pIttfP»iRJl«r5U*< £fc£A/C(,> 
[ «*3f 2 ] mi C0ill<D¥i#Sfi £ , 

K**fta«o±ccjBJ583 ti, m i ommmcom i * ^ 

FJl£#2<Da»«S<D:a>** hJBi*^«r< <t4>^i? 
Xh^Y 20 
KSH«^CD±*C^> o ti^ h7-f If 

[ Mum 5 ] iriarsffli ©SBttwa3«ww«*^ a * 

£-^;i£A 1 «/£Jty 40 
x-0. 0 2^y^x + 0. 0 2 

te&mmzmtc-rm^m 1 . 2 *fc»3 



Hi. 

c niaon 8 ] mi (DmnmtDmm&MtiXDijc , 9 1 

Hi, 

SSSJB«afi<D±CC. »20»^S3^7?FU£S 
i$3^7^ F»Ktf»=i>** hMxvf>^U 
Sil«ioit$)orsx h ^ -y ?*tU if ««©WflB 

w$mmttoM&»x ^«>if ««©«m* 

■ 9J:9«cflE«S^*xa<t*fiiars*»»U— WR 

«afO»JR»«r»«"r&XS«:#tfSII*3l7 *fc»8K:ga 
[0 00 1 ] 

[0002] 

[0003] c<D£^te¥m&\s-ym*om^mk% 



«ffi-r*i»*31 1 , 2SEyt«3 6CEttO*«*P-1f* 

[ it*^ 7 ] mi o«m^[cD^«ftS«o±tc , m l 
2?5v K»it^ft<i^08WIIWI*atfiS1** so 



3n^ 0 *wu-if*T-©ffitt»©rt»«:aittimRiR 
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tifi* ffl»WK7S3nrCi-5 (M. Yamada : I E 
EE J. Quantum Electron. ,vo 
1. QE - 2 9, No. 5, pp. 1330-1336 
( 1 9 9 3¥5£) #J«R) . 

[0 0041H12B, SOKSCCJ: *ffitt9ttre#£ 

5i $ nr l > & tfcfcO^zSf* u - If ^ 5 0 ©HfffifBSi £ 
^ort,>& (isi 4@¥^f*u-if@l^ia^^:tx 

h, Th4. 1, pp. 247-248 ( 1 994) # 
M) . 10 
[0 0 0 5 ] CO^aB»U-tf*^-5 0-C«. SlT^x 
^««©n-GaAs««5 KOBc, Wt&£JiftfBJ& 
fi (MOCVD) ffifc:<fc-3r. n-GaAsA'^7ri 
52, n-Al x Gaa.,As (x = 0. 4) ^1^7^ 
FJB5 3, ^> F-^*Sfi^F-#Frgtt»5 4. p-A 
l.Gax-.As <x = 0. 4) *2*-7* FJB5 5, & 
O'n - A 1 , G a i_« A s (x = 0. 4 5) mSS^P y ? 
H5 6&, JHWCfltfiSlt*. -e©»CC v MOCVD^l! 

[0006] sefc-eoacc. ^x^^wmocvd 

SBKCCzlJAU MOCVDaUot, XF 7^7*355 
7 £^&>r mtfc:/a v 6£H5cfc^tc, p-Al 
.Ga^^s (x=0. 4 ) ^3 v FJB5 8Mp 
-GaAstt77l59 fcJOKJsSfi-r JES*«7a 
CC, pfPJjm@6 0 4** ^^'fl5 9CD±CCJBJ&U ni 
mS6 l 4S&5 1 <DMM(<€Bj8 1 -?2> 0 £6CC, ^x^ 30 

T-5 0#»6*i£. 

[0 00 7 ] 3 Kffl*C0*a»#l--tflR^*fi-5 

[0 00 8] COJ:^K:or»jaE3tifc*a»ft:u— tf3R 
7-5 0<DH&6 0M6 l©IBfc^*EP»rJ-£<fc, X 

F ^ ^8B 5 7 4il L r rSffil 5 4 CcWfc#£A S ti 
r, U-1f#Hfi4£&*. CCD£#, Xh^^^a55 7 40 
cD^gp i * £ ©Mr <z>IBi»B«f *©ac > CC cfc 

0. «ilfcl/-1f*B, X F^?*^5 7©iETCCffl 

_ .[-0 0-Q-94-C U — tf CUC&UX 

Ci, »2^77 FIB5 5**SStt«±/»<-r*ii*> 

8r*«*/J»3 < -f £ <t , X F ^4 :/ffl 5 7 CDrt«^©* 
UfflB&9mztiZ>* cojz^ttttJB-rts, M5 4 50 



[0010] H 1 3 @»l«BKft4*OTUfc 

T-7 0©Bfrffi«ifi*7nbrt^. C<D*aS*U— tf*^ 
7 0 rtt, ritt©7 4 i«»WC pJ«a«IiRJR« 7 6 

p. 11 ( 1 9 9 5^3M) mm) o 
[0 0 1 1 ] n{*wcc«, ^#u-i«r^ 7 0r«, 
n-GaAsl^7 1 (D±CC, n-GaAs^'^yf 
72, n-Al Y Ga 1 . v AsIli'7-;F173, Al 
,Ga,. I Asgfii74, p-A l»Ga,. ¥ As^ 

y.FJB7 5<0±fc«, ^F7^ttOp-AlGa 
A s pJ«a«!RiR»7 6^»»3^Tl»S. 
[0 0 12] 36CC, p - A 1 Ga A s ^JMMMXJB 7 
6<£>±CU*, p-A 1 V G a t . v A sS3^7 ? FIB 7 7 
<fcp-GaAs:a>£i7FJB78 ^F^-f:/ 
t*M> 7 9jWBflES*i*. £/c, I2^7^FI 
7 5 (Di^-^t y If ««7 9 <OH«JtC», n-AlG 
aAsISST'P'^iSO^il^rC^, 3 6CC, 
* F<?-f :/tt-*1f««7 9RWSSfc:7n**JB8 0^1 
^cfc^CC, p-GaAs*t?^i8 1 #8IJBS*rCt» 
-So £fc, +-f^^J18 l©±CCttp»Jm«8 2A«JgflE 
3ft, S^7 l©»ffitCttn«JWi8 3 3WJgJ5R3 

[0013] C©¥a»#U — tf*T-7 0©iS^«, pjf& 
WR45UB7 6 OA lfflflUt (-T&t>^. aJiS*P©Wl7 
6<DM$iJ^iH) 4r£ttH7 4 co A lffl^ib (r£ttJ17 4 

5 4 ^rx F^-< 7 ©51-»tCtBa^Sffl«4 
1f**7 0©»^att»«*. iSttJB7 4ittgOCCB: 

So 

[0 0 14] 

fi^O^f*U--1f^5 0^0 ; 7 0c7>«iiO i 5^, 
[0015] ( 1) X h5J7mS7<D\*ld$±9l&Ht<D 

n©ieajB«T*a*/h3< or, xF^-f^aj5 7©^ 

[0 0 16] (2) r£ttJ15 4 4Jl< or, pJiSfnfRJtx 



(4) 



- 2 7 0 5 6 3 



[0017] Ctlb ( 1 ) (2) cD^iS"C 

[0018] SIT, mm (I) rgttJf 5 4 

#fc£#£o -£©/c#>, ygttJ15 4{c5pff^lPj©IR84ft' 

[0019] — a# ( 2 ) ©*ffirtt. -^tcrStt 
■rs. 

[0 0 2 0] t^*C0^^U-1f^T-7 0<D«S 

* bU7»7 9 *igtt» 7 4£nJ 

t^o ^ot, X H^-Y^a57 9 (D^aSOrSffil 7 4 ^ 20 
[0 02 1] ^S»U— !f*^-7 0©1»Jt«C*J 

pjiaw»iR»7 6*jtBK/»<-r-s£*3&s*s. c 
njiwnwKJi 7 6 tmmmm<o^^m<om < 

fi«CC»l£3ft*/ctf>, ^JfiffiRJRJI 7 6 ©*«IWR« 

[0022] *muz* ±iea«i*»»-rsfcAK:43 

3W* C C»«H*0*»» U - if <fc 

[0 02 3] 



±CC»jS3ti. »l©a»«S©Sn KH£«tt» 
<fcJS2©z8«ffl©f&2 KJB£4d>&< £*>SrtfH 

■«jt<b, Bffl|J«tjtO±CC»J«Sh. 82 ©«*£{© 

^3 ^ * F»«!:»2cr>2S«S!©:3>** hH<t£^& 

< a bu^vxDjymmt, mtmrnmoi: 

[0025] ±iaoj:^ftc^-r*a^o«jB*w-rs*aS 
ttu— tfSWcoor, *sn»»!Br« 4 bus**:/ 

Wl. Rnffi<D^#JB©frffi««i«R^flPJCCHflSBoJ 

[0026] ±ecoj: ^&ci-r*i^<o«at*wrs^» 
a * ^#lf*©^rfu^ 

fMflfiH#aW2SI 1 I&2 ^ 7 ^ KUcd^J^IJ: 0 t 
< . ««ffiAK: J: or B9gBrSttJHT**-r* u— tf 

[0027] mommnm-cte. m^s&momsmfx 

IBaW&iHWJ»i|l€r^A-SA lfifiEtbyi^, 
x - 0. 02^y^x + 0. 02 

[0 0 2 8] 3 6«cffi©3BBB»rB, fiTIBrSttJI© 5 
[0 0 2 9] *«M<D3€>tcffi©Hffi(cJ:litf. *23f* 

mmmom 2 2 ? v k»& «r^>«c < i *>*tfa»«fi* 

JS»S#*XS<t, BfflWMHI©±«:. Rr§fflKO^*fJ 

*IS!Efi31±*XSi*a*L. ^<DC£CCj:or±tS@ 
_^M^^ 



£5mmztir^zm2<Dmmm<Dm3 ? rmt 
^n»r, *©c<t6cj:or±eBW*JafiE3tiS. 

[0 02 4] **9BOffi<OHH«C J:n«, #aB»U-1f 50 



[0 0 3 0 ] €»(cft©HfflCcJ:n«, 
±CC, »1<D^^<D^1 FJBiStt»i»2C!> 

i&£i?tt*i*i<!;, mmmffiiik<D±ic, s2<d«» 

^3 v KJBi»2©aB«SS©3>$^ hJfi^JI@tC 



[0 03 1] 89IB*i«^n * *«fig#*j«fi3tt *Xg 
«WRiRJi*«fiE-r -5XS4r*tf <fc 5 CC LX h £IK 
[0 0 3 3] **qB<7>*3»»U-1f*T--C«, «SE:7ti 

[0 034] 5 etc, »fc:/n y ^«fiB»<Drt«ec»fiS 
[0 0 3 5 ] */c, rgtt/ico^^-cx 

[0 0 3 6] ¥a§f*S«CD±CC^7 * KJBfttf 

3*i/c* h 7 Y ^K(D^tf««©Wffll^Si*^ci v 

m#xm h hhtsmmz & o r o & u - & 

[0 0 3 7] mtS^o ^ffit£f*<DnJ&*a^iK/i 40 

-£<DM*tt, pJ«a»»iRJB©*»iR«:j:or^8 

[0 0 3 8 ] H^tt^T. C<Dcfc^KoJg&*aRiCUI£p 
£L-CMW4J:9«ca:tK p9E<D¥aMJl£ffil>&*I 50 



SfPB?9- 2 7 0 58 3 
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[0 03 9 ] 

[0040] mi <Dmm<omm) m 1 cc 

i <DmmwMictetf%mg&\s---*fm* 1 o o©Kffi« 

[0 04 1] CC^iBftU-lfjRT 1 0 0 rtt, n-G 
aAslfilOitC, n-GaAsA 7 77i (f? 
0. 5 Mm) 2. n-A l.Gaj.vAsSl ^7-; Fl 

(y = 0. 5. 1^1. 5 Mm) 3, ^F-7'A1« 
Ga 1 .,Asr£ttl(x=0. 14, W0. 0 5 m 
m) 4. p-Al Y Ga 1 . ¥ As^2^7^Fi(y = 

0. 5. ff$0.'25ym) 5, ftfcWC p -Ga A s 
X7fXh-;7l (I?0. 0 0 3 um)6#s. JQCC1R 

■stirc**. x^^x h ^^Ji6©±cc«, p-ai 

u Gax. u Asx^fXF77l (u=0. 6.J130. 
0 2 Mm) 8, oJtS^a^JRJlibTOn-A KGa^ 
AsIlIiS^P^I <v=0. 14, IIS0-. 2 5 
Mm) 9, n-Al.Ga 1 ..AsSI21ft^a^i 
(w = 0. 6, J*3 0. 3 5 Mm) 10. tte>CfCCn- 
GaAsSil (120. 0 1 Mm) Hifi.mtC&lSL 
3tirc>S. pJ»BHRiRlliLr«« 
-r5»l«i*^n^^JB9i. ^21^D ^ ^» 1 0 

[0 042] 3 €SBW 1 1 ©»6x *X h 
2. 5Mm"C#>& 0 

[0 04 3 ] 3 6fc. 7s h 5 A SCf ffBOT 1 1 £ 
H9J:5K:, p-Al,Ga 1 . I As*3^7-;FI(z 
= 0. 5, 13 1. 2um) 12S^p-GaAs + t 
*7*J1(J¥3 1. OMm) 13^ »C«»3*VCl> 
£o 36«c % +*v^«l 3©JiCCttpffl!J«Sl 4*i» 
JiR3*K SfilOllffi(c»nfllJK«l 5 3WBflE3*iTl» 

[0 044] iWC, !f*^ 1 0 0 ©ftWSfS; 

132 (a) - (c) ©KfflB*#IHOTSHIiT*. 

[0 045 ] ^"T. m2 (a) K^-rcfc^W:, n-Ga 
AsgSlO±^CMOCVDa^J;0, n-GaAs^ 
»?t12, n~A l t Gai.,A s Sl KB3 t 
y>F-7'AlGaAs?Sttl4 4 p-Al ¥ Ga l _ v A 
s!B2^^?FJf5. p-GaAsXyf^ hv ~?M 
6, p-Al u Ga l . u Asx-;5 L ^h77'i8, n-A 
LGat.vAs^ll^P^IQ, n-Al.Ga 

1. As^I^P'^IIO, Mn-GaAsS 

mm \ i*, cojiHccjUKwccflifis-a'S. 



(6) 



[0 04 6] CCD^x^^rMOCVDftB^eK 

OtHLr, ^2 (b) cc^TJ:^cc, 7* 

[0 04 7 ] *<D»CC, CCD<fc^tX F5-f:/»7 3W& 

ti/c x a ^SO'MO C V D gtiC^ A I , ^2 
(c) tcm~?<i:5ic, * F^:/«7&tf«flBBl 1 * 
H5J:9«:. p-A UGaL.AsSO^^y Kill 2 

+ 1 3*S8fi3-l*£. 10 

[0 04 8 ] 8*£ 1 CD— aB*»ffiW^6WBtti' 

jjnx-r -eot&cc +t-^si3 <d±k p rams 1 

4£JI5flEU £«lc0Xffi<Ct2nfflm&l 5«BfiS"T 

[0 04 9 ] «±CC^U/c*3IM^CD^»U"1f 
1 0 0O«J6*ffir«. «!WK:oIfljB»iR*i It 

««r**i«»^n3r^ii9aci r stt»4*ao#ji 20 

[0 0 5 0] CO<fc^tCLTJgRE3n/c**«:U-1f* 
T-l 0 OcDHSl 4£D : 1 5OIB«C«BE*BlJ!l0"rSi, 
X F ^ >T ^«7 *fflCTritt»4 CC«SIW«aAStlT U 

=f-\ OO0i|^ S2iffi/P * 1 OCDA 1 iffi/SB 
0. r§ttH40A 1 »5JE0. 14«cJt^r+ 

5KtA£t> 0 o/c^ot, c<D^*S«r£ttJi4r^-r 30 

fflftU— »f*^l 0 O0£finteffi!fct*3 OmA-C* 
0 , UJ* 3 5 m W€r»S/cae>CC£«&aM^**« 7 0m 

[oo5i] c<D¥m#is-irm*i oo tcm$t&jKz 

ff^i. «i*S£A©««^ h^-Y^»7©««c<fc^-C«l 
R3*K *©*3KH*. ?SfflB4©5%-C* h^-f :/» 
7CDiH<b[UfiScDilicD^p t gccaA$ti^o CtlCC^tL 

^ h^^^»7©rt»^©*Bf!Gii«)WIS<l5BE3 40 
tiXli>Z<DV % *5i. X F ^-f ^»7©rt»©iHCCj:bL 

ttBT5S1M43^^IW»iR(tiOTf¥ffl-rS. 5 6 



^13^9-2 7 0 5 6 3 
10 

[ 0 0 5 3 ] B 4 tt % ^*W»<D¥zSft U - If 1 

o o <dm*) ym^n &<omim$k*^? $^ ? r * * . 

m^ttc. mvftmzo. o o 1 %~-\ o%<ommxmt 
^^tcm^mhti^mm^m. <r i n> cd#j^*s 

aoffiar. ffls^taat* or , - 1 3 o d b/h z 

[0 0 5 4] £6K^5(J, #SIWB«O*a0«U--1f 

st-ioo ccten-c, pJts^n®iRi*i Lxrtm-rzm 1 

h^^^»7©rt»SU r 51-IH5©|gaB»*Ol& (An) 
v?M9<DA 1 JffllKJt (X blockl ) *0. 12, 0. 1 

4^0. 1 6©3ia«5©«ec«5eo"c, -€-n-entc*j 

[0 0 5 5 ] H5Kl7F3tiriiSJ:^CC, SllS^D 

^H9<DJ?i* (d blocka ) SB. 

0. 0 3 *zm^ d btocka ^ 0. 13ym 4 M 

0. 3 4 /xm^ d blockl ^ 0. 42ym 

OKHf*i{C*S»^«:B, ^ H^:7»7<Drt»©iSSJ!j 

JB«t«** F ^ ^ ^ffl 7 <D^W©IBaJl*T* J: 0 /h3 < 

«c£ (An^O&Ti&S) Tl/*H4 F*- K <fc 

XL<0&*>tzTl/?-ti4 F^fc- FTC*, Xh^7*S5 
7OW«K:**H0ii«>SCi^H»<t«:0, !f* 

[0 0 5 6 ] rr>*#4 Fj i ur^o-cc* 

X b ,. efc i = 0. 1 4©»&(Dfe<Dr&S. C 

©as hc* x b , . c „ a <omci&^ Lxmt?&&. mwmtc 

tt, HStc^TWttrAnJ&sOJMTi&SiBHCCfflSr 
[00 5 7] «TCC»?B"r4ffi©«ptttcBB0r«. T> 
[0 0 5 8] H66i, ^JBg«©^*»U--!f*-7'l 

ootcfc^r, nitt*P!»iR*iLrffflB"r-5Wi«»^ 

0^190»3 (d block ,) O^fbCC^SaJ^tt 
m&omtZ^WjyX&Z. tctcO. *HJ^ti3m 
W"C$>-S„ ^ft&^tCtJ, IllS^n^f9(DAli 
fiSib (Xn.cn) *0. 12, 0. HMO. 16CD 

3ao©tt«cswELr. *n^ncc*»wsaa®ie**^ 

or c> & , : 



0, C^iCcfc^-r, C<0B«O*l«ijlE^^JB9fc 



[0059] ia*t##tt^i^-r scc«njTPi4ig»« 

0. SfclTr*^*^**^, »1«I^^19 
(DA {mJ&ttX^^^&igjvrZt, nIT*ttlB»Bi» 
A-r-5^CCd5)S 0 X bloeka >0. 16<D^&C 

B, T>*#4 F*- F{ct§^-r-5^1S«^"Caj z F^tt 



11 

rfn ^19©A lffl>&J:bX bl<>ckl fcj:0. 1 6«T«:» 

[0 0 6 0 ] ^CC, H7«, *|gJBK!8©*««:u— tf 
1 0 Otcfcl^r, SI W8fc:/P* *J19<D«3 (d 
.loci) <D£{bK»*4ttfWi* (I..) ©StftiTR-r 
^7r**. /c/cU *ffl*6i3 5mWr*-5. Jlf* 

(X bl . efcl ) £0. 12, 0. 14&D*0. 16©3» 

o office Ksur, ^n-encc*5W5iW5e*s**inu-c 
i OB «»*-rs«foi«c*s 0 wee, x blocha <o. 12 

«rf¥«i*I 01 ,#l 1 0mAJ&t±{c*f^-r 

? ^H9CDA 1 JHJ?S;ltX b ,.c.i«0. 12iU±^C^-T 

[0 06 2] &L±.<D&J:*)* m 1 fC7S-r*3W*U-1f* 
T-l OOKHIB-TSifeCca^/cBiWrB, SttJ14a^pI 

»«*^s^n^no»coA lfflflSibccHLr. sn 

«*^o * ^H9CDA laSctb (X bIockl ) 3WS14J14 

<da iftflcJti*oi^o. ui^^nri^^ i 

ISiC KM* ttfc 5l ^ Bglf b W ft <fc t CC t J , 
0. 1 2 ^X blockl ^0. 16 

[0 06 3] fc*5, ±iEO»l«i*^O^^J19 0A 1 
*&/£it (X blockl ) cDffifflti, AUGawAsSfti 

4<da i amtx&o. i 4r*^ii^cDffir*s e 

[0064] <fc 9— «KKctt, *S1M4©II»W&*8W 
ffifiH^jLS«tt»4<0A l«JSSJtxCC*fLr. pJISffi 

mmmaz^zzm 1 nis^p * ^9©ai asatx 

x-0. 0 2^X bloC ii^x+0. 02 

Kzwrnzmfe* nit* ±&L,tci><D±m 

■teoi>r«M©»± LX<DA 1 »SJ;b*s»fir#ac» 
^ci'OOTW^^^n^fl^A IGaAsO 

[0 06 5] H8». *Sa6JB»©*«»*U- 

ifJSHM o Oitfc^r, SiIS^a^l9©f3 
<d fc ,.« fc ,) ©KlbKij^-Siawu-tf*®*^*^** 



(7) «fBJ¥9 -2 7 0 5 6 3 

12 

9<DA 1 «J3Stb (X blockl ) 40. 12. 0. 1 4&tf 

o. i 6©3»o©fflK:ssLr. ■eti-etitcfctt^ffl 
£*S**^urc>*. 

[0 06 6]-&K, 0*^9 0*M5C 56^ 

&*iw^o7^i9o« (d b ,. etl ) mm 

10 [0 06 7] 0. 1 4 Mm^d b1ockl ^0. 30/im, 
0. 4 4 u d blockl £ 0 . 58/im 
5 (d blockl ) H6-H8 4#JBLX«9BL/c±82 

[0 06 8] fcfc, **S6JBJB(D*a»(t !f*^ 1 0 

o«x*** h *:/»6atf8*«a.ri>£^ cn» 
u-if^cD^ii<Dw^tta^Wtt4f^±$ tt 

ry^jiea^s^WLtti^w^KiAitirfe. OLttcmm 

[0 06 9] (?S2<D^©»tt) B9CC, 
2 0HJfeff^CCfe^S^*U-1f^2 0 OOfcrffig 

[0 07 0] C©¥»ftU-1f* : f-2 0 Ott, n-Ga 
As^«2 1CD±CC, n-GaAs^'^7i(I? 
0. 5/im) 22, n-AUGa^vAsIl^^-; F 
■ (y = 0. 5, /IS 1. 5/im) 23, ^ISWp 
30 rSH/124, p-Al ¥ Ga 1 . v AsS2^77Fl (II 
50. 30Atm) 25, p-GaAsx^XF-;7'l 

(/ISO. 0 0 3/i m) 2 6#, JB*clW13ftri»£. 

x**-;* h ?7 P J|2 6C0±CC«, p-AUG 
a 1 . l A s^3 ^7? KJB (z - y, /IS 1 . 2/im) 
27Mp-GaAs3>^^hi (il$0. 5 Mm) 

[0 0 7 1 ] S6CCC<D^^ft«2 90WflH©Xy^^ 
h^^2 60±CC«, nSO««^P7^13 0, p 
40 -A l.Ga.-.As jtBBCiiafrB (w=0. 7, /IS 
0. 43am) 31, aCJ t p-GaAsfiil3 2**. 

n-AUGa^As (v = 0. 5, H?lnm) in 
- G a A s (/»S2. 5nm) tfrh ft 
Aj:oT4d0, *O*i4l<0A llftflEWO. 13r&0, ± 
ft<D/fS«0. 2 7*xm-C&£ 0 CO«8ll^ny^»3 

*WBP»rtt. ^ittBWDOiity rater* 

50 £ 0 
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[0072] X h ^ -f ^ttO-^lf ««2 9 texumam 
32CD±&C«, p-GaAs^t^7*i (I?Um) 
3 3;#SJlSttTl>*. £6tC 4 tt^i3 3(D±K 
ttpM««3 4#^faS*iT*s0, S&2 lCDSffitCti 
nflH«S3 S&B&StiXi,**. 

[0 0 7 3 ] £*fi-?#FfittJB 2 4tt, Al f , 3 Ga 

It5 HO A 1 o . i G a o . 9 A s 3xjWB (f$ 100t> 
^Fo-A) , &6tffciHJB<DA 1 B . s Ga 0 .7A s 

^yri (iS8ot>^ha-A) sssicsji io 

[ 0 0 7 4 3 C©«jsS"C«. pJISlfflRiRtti lt«K1* 

tt) **se>cc»#sn-s. 

[0 0.7 5 ] WtfF-2 0 0 ©ffilKfffi 

*,Hio(a)-(c) <Dwmm*mmvxmm-t 

[0 0 7 6 ] 010 (a ) KLtjVTJ: n -G 

a A s 2 1 (D±tC M O C V D StC J; 0 . n-GaA 20 
s^777i22, n-Al,Ga,.,AsSl^vF 
123 s **fi^SttJ12 4, p-Al,Ga M As» 
2^7?K|25, p-GaAsx 7 ^h^!2 
6, p-Al l Ga 1 . l As»3^7-?h*B27, SCfp 
-GaAs3>^^H28^ COJBCCjftKWtCJsSfi 

[0 0 7 7 ] C<B?x^£MOCVDiSHa»6Bt 

2 8<D±&CS i Nj® (W30. 3/im) Wf^, ^ 

ec, 7 1 h y ^7 7 ^ ffi^»lJ?i ^ ^> i^ffif *ffl^ 30 

X, S i Nl©»ex7?^ h ?7*J12 6©±CC# 
St^3^7 7 KJ12 7*»*0T\ 010 (b) CC 
^J:^&X h^>T^t*©y-9-««2 9*»fiSrS. 
/cU 010 (b) rte, 2 9(0±©S i 

AO, 010 (c) fC7ft*rj:5K:, >*««2 9©»M 

^•^130, ^60 f tCp-Al fl Ga 1 . tf As^fflD 40 
iia!>JB3 iacfp-GaAs«aBB3 2*J5S«-r-5. C 

<Dtz. siNdoi«:t«iE^o^i3o, ymc 

l&tffiW»3 2*W»$JlS#(. C*l6<D* 
K3 0-3 2©fiSfia4c^x/N*MOCVDKia^6— 
BflKOfflU Ch6(D^130-3 2^6WS iNjg 
£Bfc*T£o *©»tC, *Mt-)i/>^MOCVD 
^mcmXLX, MOCVDffi«CJ:0*+ v^»3 3* 

war*. 

[0 07 9 ]Xtc,l*2 1 ©-»*IIE*»&8Mfc<Sr 

{cJ;9Bfc£Lr, *(0»S3WB1 0 0um«fc&SJ:5ec 50 
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flnXT£ 0 *©f*CC, -y^JB3 3CD±&Cpf!FJmffi3 
A*imx>. W&2 1 (DXffi(C»nfllJ«fi3 5H^f 

CO 08 0] «±<OJ:^3tcHJS*ffir«. x^xh'> 
^■26if^9Fi27 4om©fjtffi«JBB£fi]JWcc>tt 

i»3W*©*$«tJ*$n-5or. »H<Da*i#&i». ceo 

[0 08 1 ] feLbD J: 5 «c OTJgSSS ti^*H«0«O 
tf^2 0 0-C5S. JHSSWKW:, l&jgBfltett 
W2 7mAtfel 3 5mW<Dffl**f#Sfc«E){Ci^B 

IS 1 OSI*0»»K:*Jt't-6*»*U-1f* J F 10 0 41^ 

[0082] «±oj: ^^^mmfrc^ njmm&u 

0 , mn<OA 1 G a A s fiflOaIttW»iR»CCj:t^r pj 

[0 0 8 3 ] (»3 ©3Bt©»«) *H*»«tt, ±i« 
Ucf L *2©306©»JBtc*jCi'r«. p^O 
( 8 *fc«2 6 ) (D±(CnMm^^n 

ffJCDH^rpMi 0. COpSCJlKSTSffJOX-^X 
h v :7*JI£nM&CL/ti#^T&& < , 
[0 0 8 4] C©£5fc«/&iO/ci*^CCi, x**X 
h^^JHB<DpfflcDJl«, Wli^P-^BiL/TOBffi 

c©pSE(0«tc«-r-SffliJ©xy^^ h ^■7- 
IB* nfflfc-r*c ccd»3W«*^p v ^li 

[ 0 0 8 5 ] 0 1 1 «C, **W©*3 ©SjJBJKBCCtett 
a^ittu-if*-?^ 0 O<DBf®«S0^^-To 

[0 0 8 6 ] C<D¥m#]s-' *fm*3 0 OTtt, n-G 
aAslfelO 1CD±(C, n-GaAs^?7rl(I 
50. 5/im) 102, n — A UGat.yAsSl & 5 
v YM (y = 0. 5, Wl. 5 urn) 103, -/> K 
-7A l.Ga^A srgffit (x = 0. 14, »30. 
05um) 104, p-Al v Ga 1 . v As^2^77F 
H(y = 0. 5, ISO. 25m m) 105, tc&WC 
p-GaAsx?^h?^| (JV3 0. 003um) 

6<D±CCW\ n-Al.Ga^.Asx^xhv^l 
<u = 0. 6, ISO. 07Mm) 108, p-AU 
Ga t . v A s pJISfOCRiRjl ( v= 0. 14, *30. 2 
5am) 109, n-AUGa^Aslt^a?^! 
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(w=0. 6, »S0. 3 5 urn) 110, fir^WCn 
-GaAsSSi (/ISO. 0 1 um) 1 1 1#. 18 CC 

[0 0 8 7] 2 SSSl 1 ltOSI^x??^ 
h^7ll06 <D**ffi{Cji"r 4 * h 7 -T 7*tt©$t, "T ft 
t>%X h ^7*351 0 7 3^JBJSSS<irfcO, 
^110 8, ^ttfniRJKJI 10 9, ®i£:/a ? >?m 1 

io, ft^oftcsRui i lit t^-rntc©^ h^-^ 

7*35 1 0 7-C»K3tin»S. fcfc. Xh^-Y 7*3510 
7<D*±a$®*IW:, ft 2. 5Mmr^6o 10 
[0 0 8 8 ] S 6*c, 7*95 107 JBlV&SM 1 

lieU^C, p-Al.GawAsSS^yF 
Jl <z-0. 5. US 1. 2Mm) 11 2MP-Ga 
As + t^l(»32. OMm) 113**, MSCCS® 

^nrt^o se&c, y^iwi i 3©±tcwpffl« 

fil 14jW&0S3*i* 1S10 ltDSMCCEJnfI(jm@l 

1 5«?ntc^ 0 

[0 0 8 9 ] CCD J: ^ «C»fifia tlfc*3e»fl5«cr>i|£affflc 

JRJI 1 0 9*pSCCU"Cl>S. -eOSfiES, flfaSl/fcJ: 20 

C©<fc^{c^ttfPl»JDWl 0 9*pSECCbfci 
*<DTWJ©x^?-^h y^Jll 0 8*n§Srtttt< 
p^f&tOT4b'< *7*J1 1 1 3j"p6* h^Y 

107^3^7'> FIB 1 12 oJISfnKiR 

n i o 9rtr«^rrfiiccibf>isfc«>, ik»k***&w*1£ 

.1 0 8*nSKT£C<fcCCj;*K 

r*. Oi0COnS<DX?« h ^7*J1 1 0 8^1S£ 30 

[00 9 0 ] LtatfoT, *35*JB)BT«, Xy^h 
^■108i. nJiafa-ftiRJl l 0 9 mifc:/n * ^ 
SI lOiK<tOWt^D^«|g»WIS3W. 

pTfiffiRiDw i 0 9rt^«aat**0K:»t4*a 

:/D v ^%£fc5»ftitSx *X h * 7*Jf l 0 8 6C 

* 7iio8 ©j« 7fe#w«Ftt^aa*s^tt^-c 40 

[ 0 0 9 l ] * A:. *lllfc»JBr», x-^Xh » 7*H 

Hffi:/* v nSMix * *x h * 

•fitt 4 flMft i r 4 p UM £ © 2 H<Dfii/& £ T 49. 

[0 0 9 2] CO$I(tU- !fJ?H*-3 0 0 6i, ±»Lfc 
SI l OHIi<Dff^C^^4*a9i*U—tf*^ l 0 0 oc*t 

3&»3&^***U—!f3RT-2 0 0CCiH«CcLr*fj£S-ii: 50 



l*H^9-2 7 0 56 3 

(C*5W* n StfCDlS 1 mtST'U ^130^p MOnJg&ft] 
®J&fI&C*f tU#<U> 0 *£l>fi£, nSE©»l«fc^o v 
^ Jf 3 0 * p ^COpJISfa^iR® L , ^fifniWKB <h p 
SOx^^XF ^^112 6<fc©IB«Cnffl<OA l l Ga 1 . t 
As«8t4£^*5l»±JB ( t = 0. 6, **0. 0 5 u 
m) *HW-5««tcrn«J:t». 

[0 09 3 ] fcte, «±o*i. »2a^*3©ieso 

JBffi©ltt*flr«, Bf«©/c«)K:, AlGaAs*©*8 
9I«, InGaAIP^i', AlGaAsIMOW 

[0 0 9 4] *IM<*Mffll«a**3B»U-tf 

[0 09 5 ] $ ^^U-lfK^ORiaxartt 

MOCVDffiMWK, MB E (Wiit:$^-) 
ffi. LPE <fl»B&S) ffi, MO-MBE^ *C*«A 

le (jH^xhr^+t/-) m%:£<Dmm&*jmv$>z> 0 

[0 09 6 ] 

[0 0 9 7 ] JWtWCCtt, *Sfi£*0*»»U— !«R^ 
(0 1 2 €r#I«L'rK'l8-rS*39*u-tf* J F-5 0 ) r 
iaiB««SliB5 0mAr*D, 3 5mW(DtflM 

ssfca&tcjsa^afjffwstti 2 0mA*i&-c£>£o ~ 

fltoffi^^ttu-tf*^ (HI 3£#MUTia 
9iT4¥«tt U-tf *T-7 0> Ttt, «9BBBK«tt«5 
OrnAt^O, 3 5mWOffi^*»*fcae>tCiiMI&ibft 

m^tJ9 OmAfis-c^^o cn^>ttur, »ia>njfi 
^ttcctttos^awu-if*^ 1 0 ooASHteWftc* 

jftS!WK:tt3 0mAr«>»3, ffi^ 3 5 mW^rff -SfcefeCC 
ie*«r»ft«««i!fiKiJ 7 0 mAgKr*5. £ 
/c, »2<DHJS®««:«*DS^*fl:U— tf^2 0 0<D 
»»BH««*B«aEWCCtt2 7mAr*0. U*35m 
W*f#*fc*CCii»ttIttf¥«««JftfflWCC«6 0 mAi 

[0 0 9 8] cn6©ffl*Jt«rti«*« J: ^«c, 
[B 1 ] l ©**J6JB»«:*$WSi|£a»ft u-lf 
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[0 2] (a) - (c) B1©*»»1/- If**© * 

[04] Hl©^I^U-1f»T-«c*W5R05ei»» 
[0 5] Hlo^3»»u--lf*T-«:*5^5»l*i«^a 

[0 6] Hio^aSitu-if^ecteW^iwst^a 10 

[0 8] Hl©^9«u- tfX^«cfeW*m«*:7n 

[09] *»W©»2(D*JBB««:*iWS*2»*u--tf 
[010] (a) - (c) H9 0*a»*U— tf*^- 20 

[013] ffiota»©^»u-if*^iBffflaijBia'r 

50, 70, 100, 200, 300 *a»ftU--!fX 

30 

1 , 2 1, 10 1 g& * 
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2 2, 10 2 

23, 103 

24, 104 
2 5, 10 5 

8, 2 6, 1 0 6., 1 0 8 
10 7 * h 3> -Y 

9 1 *B ( pJ^fo»JRB) 

liS^p * *B ( nlfifflBUCW) 



2, 
3, 
4, 
5, 
6, 
7, 
9 

3 0 

10 »2S»^P7i'l 
1 0 9 nJfifnRjRJI 

1 1 0 *«:/n* *B 

ii, 32, ill &mm 

12.27.112 9*7 v KB 

13.33.113 * + *;> ^ B 

1 4, 1 5, 34. 3 5, 1 1 4, 1 1 5 

2 8 KB 

2 9 y-^JW * 

3 1 %ffl DjA<*B 

51,71 mm 

5 2,7 2 a?7t1 

5 3,7 3 mi 5=7 v KB 

5 4. 74 rSttB 

5 5,75 82?7?FB 

5 6,8 0 W8fe:/n * *B 
5 7 

5 8.77 »3^77FH 

5 9,81 * * * v'm 

6 0, 6 1, 8 2, 8 3 

7 6 Bimtui&mm 

78 n>£^KB 
7 9 y 
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[IMtB] ^fiSl 3f7^2.7a (2 0 0 1. 7. 2 7) 



[£0B##] ^¥9 -2 70 56 3 

[fiMB] ¥fi£9^1 0,3 1 4B ( 1 9 9 7. 1 0. 1 4) 

[^flPHSfc] £P?tf3Fl¥£3g9 - 2 7 0 6 

CHM»*] *#Ii&¥9-l 17 03 

caimiiF5»9Hiiv7 jk] 

HOIS 5/30 
[F I ] 

HOIS 3/18 



CffiffiB] ?fiS12^8^4B (2000. 8. 4) 
[^tlMiEl 3 

[filiE*t3&gig£] M«391 
CUKE**] £M 

m&m i) mi <Dmwm<D¥m&&&± . 
gtf£aK*s«©_BcjB»s<* n. $ i (omnmom 1 * 7 

{C0JjX;?nT<,>af[l2©a*S3i©S[i3 >77 K@i?:t 

0, 

[ftiE*WgS:g] HS5JOS2 
[flUE^S] SK 

{Wm2 ) m 1 ©3jm§?©#«#a££. 

w&mti&im>±icBm2ft. & 1 ©2sms»©f& 1 ^ 

•;> FJg£r§ttJS<bfS2©jim3!i©fil2 *7 ? KH£*4> 
F/i<t3&2©iSS3?©=i>** Ymt*:>ptjL< t^Sts 

-» 



l>5 <h*=CC, 

mttm*. *) fe/hs < ft-sr >»#-f f*- pwot- 

RcftjS^c^gwgasEacaa^sMk^^. 

[#«eMiE3] 

[»jE»*JlB*] 0 02 3 

[002 3] 

£. «E**f«t«©±«:0fijtSn. m ©«*M©!fu 
4>ft < i fe*tf8W«iSi . K«»«iS©±fcX h 7 -f 

SA-ci^r. * h ^ -< 7"cp^g?(D^aia^^^ f ? -r 

Ffem©*-F«:ftS.J:Mc. ^oJfiaffi%iRB<DgJg^ 

[#i®ffliiE4] 
[*fiE*t#SS«] B^fflS 
imiEttgi.mE%] 0 0 24 

[0 024] *|6lli©fl&©ftffi«cJ:*itt. #3§#U- 



ftm¥9-2 7 0 5 6 3 



